This pilot study assessed the feasibility, acceptability, and preliminary efficacy of a smoking cessation intervention that used mobile phones to remotely deliver reinforcements contingent on tobacco abstinence (contingency management [CM]) and weekly in-person cognitive-behavioral therapy to adolescent smokers. Daily adolescent smokers (N ϭ 15; 12 completed study procedures, 3 dropped out) were recruited to participate in a 4-week study. During the first 2 weeks, daily text messages sent at random times prompted participants to transmit a video of themselves providing a carbon monoxide (CO) sample. During the last 2 weeks, text messages sent on 3 randomly chosen days each week prompted participants to transmit a video of themselves providing a saliva sample. Negative samples (CO Յ8 ppm; cotinine Յ100 ng/ml) were reinforced with monetary incentives. Feasibility was assessed using the number of on-time, valid videos, and acceptability was determined using participant perceptions of the intervention. Seven-day point-prevalence (PP) abstinence (self-reported abstinence, cotinine Ͻ100 ng/ml) was assessed at end of treatment (EOT) and at a 1-month follow-up. The study findings indicate that remote delivery of CM using mobile phones was feasible (85.8% of the CO videos and 67% of the saliva cotinine videos were on time) and acceptable (positive perceptions of the CM procedures). Seven-day PP was 60% at EOT and 46.7% at the follow-up. Although larger randomized controlled trials are needed to evaluate efficacy, this pilot study suggests that the use of mobile phones to deliver CM for smoking cessation among adolescent smokers was acceptable and feasible.
an adolescent had last smoked in the morning before school, the CO breath test administered after school may not detect CO because of its short half-life (4 -6 hr), therefore compromising the validity of the intervention.
Some of these concerns can be addressed by delivering CM using the Internet (Dallery & Glenn, 2005; Dallery, Glenn, & Raiff, 2007) . This method requires the participants to upload a video of themselves providing CO samples using a web camera to the study website. A randomized control trial (RCT) of this intervention with adult smokers showed that the Internet-based CM group (n ϭ 39) achieved higher abstinence rates (CO Յ4 ppm) than the noncontingent group (n ϭ 38; 66.7% vs. 25%; Dallery et al., 2013) . The feasibility of this treatment was also assessed among rural adults (Stoops et al., 2009 ) and adolescents (Reynolds, Dallery, Shroff, Patak, & Leraas, 2008) . A single-case study with four adolescent smokers found that adolescents provided 97.2% of the CO samples and achieved prolonged abstinence (Reynolds et al., 2008) . This collective evidence indicates that CO can be obtained and used to verify smoking abstinence remotely using the Internet with adolescents.
The delivery of CM for smoking cessation can be further improved by using mobile phone technology. Mobile phones are widely accessible, cost-effective, and used by individuals of all socioeconomic backgrounds and ages (Smith, 2011) . In 2015, 75% of adolescents reported accessing the Internet using their mobile phones (Lenhart, 2015) .
Mobile phones have been used to deliver CM interventions for smoking cessation in adults. Specifically, Hertzberg and colleagues (2013) delivered CM for smoking cessation using mobile phones with 22 adult smokers with posttraumatic stress disorder. Compliance was 92%, and abstinence determined by a CO of Յ8 in the mobile phone CM group was 85%, relative to 45% in the control group. However, whether mobile phones can be used to deliver CM for smoking cessation among adolescents has not yet been examined.
We conducted an open-label pilot study to examine the feasibility, acceptability, and the initial efficacy of CM of tobacco abstinence delivered via mobile phones for 4 weeks to adolescent smokers. We used video recording and text messaging features on mobile phones to verify abstinence remotely. Participants also received weekly in-person cognitive-behavioral therapy (CBT). During the first 2 weeks of the intervention, we verified abstinence remotely via daily CO levels, and then in the last 2 weeks, we verified abstinence remotely via saliva cotinine thrice per week. We used saliva cotinine during the last 2 weeks because of evidence suggesting that it could be used to reinforce smoking cessation (e.g., Gayman, Anderson, & Pietras, 2017) and that CO measurements are more sensitive to detecting abstinence during the initial quit days and cotinine levels are appropriate once abstinence is achieved (Schepis et al., 2008) .
Method Participants
Adolescent daily smokers in New Haven County, Connecticut (N ϭ 15; 60% girls, 60% White, 20% Hispanic, 13.3% Black, 6.7% mixed race, 16.47 years old [SD ϭ 1.19]) participated in the study between February 2015 and July 2016. Recruitment occurred at high schools, and interested participants were provided with brochures containing treatment information for their parents. Prior to starting treatment, parental permission and assent from adolescents Ͻ18 years old and consent from adolescents 18 years old were obtained.
See Figure 1 for reasons for exclusion and the flow of participants from initial contact to 1-month follow-up appointment. Eligibility criteria were (a) ages 13-18, (b) daily smokers willing to participate in a 4-week-long smoking cessation program, (c) not meeting the DSM-IV American Psychiatric Association (APA, 2000) criteria for substance dependence and any other major psychological disorders, and (d) ownership of a mobile phone with video recording capability and a data and a text messaging plan. All study procedures were approved by the Yale School of Medicine Human Investigation Committee and the participating schools.
Procedure
The CBT procedure. Participants received manualized weekly, in-person CBT for smoking cessation (for detailed information on the CBT, see Cavallo et al., 2007; Krishnan-Sarin et al., 2006 . In brief, participants received a "Preparation to Quit" session 5 days prior to the quit day. This session was used to provide support for quitting and set up a quit plan. A "prequit" session conducted 1 day prior to the quit day reviewed the quit plan. This was followed by four weekly CBT sessions that taught various smoking cessation skills (e.g., relapse prevention, coping with cravings, tobacco refusal skills).
The CM procedure. Contingent monetary reinforcement for abstinence was provided remotely via mobile phones based on CO levels (Յ8 ppm on the Micro Direct Smoke Check CO Monitor; Med-Electronics, Beltsville, MD) daily during the first 2 weeks. Semiquantitative saliva cotinine levels Յ2 (Յ100 ng/ml; NicAlert saliva screen, ACCUTEST Jant Pharmacal Corporation, Enrico, CA) determined abstinence remotely thrice per week in the last 2 weeks. These CO and cotinine values were used to determine This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
smoking abstinence among adolescents previously (e.g., KrishnanSarin et al., 2006) . At the "prequit" CBT session, participants were provided with a CO monitor and instructions on providing a CO sample. All CO monitors had Bluetooth trackers to locate them if they were misplaced.
A valid CO video had to show (a) the CO monitor being reset, (b) the participant exhaling into the CO monitor, and (c) the final reading of the CO level on the monitor. Daily prompts started 4 days prior to the quit day to ensure that participants understood the CM procedures; during this period, participants were reinforced for providing on-time, valid recordings, but the payments were not contingent on abstinence. Reinforcement was contingent on abstinence starting from the quit day.
For the final 2 weeks, text prompts were sent thrice per week at random days/times to provide the saliva cotinine samples remotely. Participants were provided with instructions on providing the saliva sample. A valid saliva video had to show the participant (a) opening the saliva strip, (b) writing the date on the back of the strip, (c) providing saliva in the saliva funnel, and (d) squeezing drops of saliva onto the strip. The participants also had to transmit a picture of the saliva strip showing the results to the study phone before the end of the day. There were no time restrictions on the submission of the saliva cotinine video because of its long halflife. Adolescents had to submit the used saliva screens at their weekly in-person CBT appointments.
All text message prompts to provide a biochemical sample were sent at random times within a preset time period during the school days (3 p.m.-8 p.m.) and weekends/holidays (10 a.m.-8 p.m.). Adolescents were not prompted while they were at school or at work. To ensure that participants were providing real-time videos when prompted, daily code words that they had to say at the beginning of the video recording were sent in their text message prompts. If the video was not received within a specified time, a reminder text message with encouragement and possible compensations for the video submission was sent. See the online supplemental material for the preset list of text message prompts and responses. Participants redeemed earned monetary amount for cash at the weekly CBT appointments.
A progressively increasing schedule of reinforcement with a reset contingency was used (i.e., $2 for the first negative test day followed by a $0.50 increment for each consecutive negative test, with a reset to $1 for a positive test). Participants could also earn $1 for each on-time, valid breath CO and $3 for each on-time, valid saliva cotinine, regardless of their CO/saliva level (the payments for saliva videos were greater than CO videos so that the total weekly payments for video submission were comparable), and a $10 bonus each week if all submitted videos for that week were on time and valid. Participants were allowed two late/missed biochemical samples without negative consequences (Reynolds et al., 2008) . Additionally, participants received $10 for the intake and $10 for the 1-month follow-up. The maximum amount that could be earned was $256. Participants earned an average of $130.07 (SD ϭ $54.56).
Measures
Baseline measures. We assessed age, sex, race/ethnicity, the number of cigarettes smoked per day, and cigarette dependence, measured with the modified Fagerström (Prokhorov, Pallonen, Fava, Ding, & Niaura, 1996) at the intake appointment.
Feasibility. Feasibility was determined using the number of on-time, valid CO and saliva videos submitted during the 4-week intervention.
Acceptability. Perceptions of various components of the treatment were assessed at the end of treatment (EOT), as described below. Also see Table 1 for questions and response options.
Participants rated how easy or difficult it was to provide the CO and the saliva samples remotely. They also answered an openended question on the CO and saliva video submission process, "What would make the [CO video/saliva video] recording process easier?" Participants rated the content, tone (e.g., "annoying," "positive," "supportive"), and frequency (e.g., "too long," "too many") of the text messages.
They also answered open-ended questions assessing components of the program that they liked and disliked.
Abstinence. Seven-day point-prevalence (PP) abstinence, defined as a self-report of abstinence 7 days prior to EOT and at Note. CO ϭ carbon moxoide. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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1-month follow-up (using timeline follow back; Lewis-Esquerre et al., 2005; Sobell & Sobell, 1992) , verified by semiquantitative saliva cotinine levels Յ100 ng/ml (Krishnan-Sarin et al., 2006 . Participants who dropped out of treatment (n ϭ 3) were considered nonabstinent at the EOT. However, we obtained 7-day PP at the follow-up appointment for one of these three participants, but the remaining two participants were considered nonabstinent at the follow-up.
Results
At baseline, participants smoked 6.40 cigarettes per day (SD ϭ 4.24), had baseline saliva cotinine of 2.60 (SD ϭ .91), and had average modified Fagerström scores of 1.83 (SD ϭ 1.08).
Feasibility
Average on-time, valid CO videos were 76.7% during the four practice days, 87.8% during the first week, and 83.7% during the second week, and saliva videos were 64.3% during the third week and 69.7% during the fourth week.
Acceptability
The majority reported that providing CO samples using mobile phones was easy but the responses about providing the saliva samples were mixed (see Table 1 ). Open-ended responses confirmed that CO procedures were easy (e.g., "I feel that they are simple and straightforward." "It was overall pretty easy."), but some reported difficulties with the saliva cotinine procedures (e.g., "The saliva video recording was overall pretty difficult-having to split on camera and record yourself putting spit on the strip." "If the part we spit in came out much easier when we squeezed in on the strip."). The text message tone and frequency/duration of the messages were perceived positively (see Table 1 ).
In general, the program was also rated very positively (e.g., enjoyed being in the program and wanting to recommend the program to a friend; Table 1 ). The open-ended responses revealed appealing aspects: (a) support received (e.g., "Encourages me every day not to smoke," "It helped me stay positive and find ways to fight the urge to smoke"), (b) being on a quit schedule and setting goals (e.g., "Helped me quit on an organized schedule," "It helped me to set goals for myself and reaching those goals was very inspiring"), and (c) the monetary reinforcement (e.g., "I got paid"). Some suggested areas for improvement included more in-person support (e.g., "It's not that I didn't like anything, just wish there were more counseling time"), more payment (e.g., "I didn't like that I didn't make as much money as planned," "nothing, but getting paid less"), and sending videos on time (e.g., "Sending the video on time was getting frustrating but it wasn't a huge issue," "The 30 minutes video due time") and providing saliva samples remotely.
Abstinence
The 7-day EOT PP abstinence was 60% and 7-day follow-up PP was 46.7%. The negative CO samples were submitted 57.2% during the four practice days and 86% during the first 2 weeks, and the negative saliva samples were submitted 67% during the last 2 weeks. The number of cigarettes smoked at baseline was not associated with abstinence at EOT, r pb (15) 
Discussion
This pilot study examined the use of mobile phones to deliver CM to reinforce tobacco abstinence among adolescent smokers. The results of this study indicate that the use of text messaging and video recording features on mobile phones to deliver CM was acceptable and feasible to adolescent smokers. The quit rate (7-day EOT PP) of 60% observed using mobile phone CM was comparable to those observed using in-person CM procedures in our earlier CM trials with adolescent smokers (38%-57%; Cavallo et al., 2007; Krishnan-Sarin et al., 2006 .
The acceptability ratings, which assessed the frequency and the tone of the text messages, the procedures for providing CO/saliva samples via mobile phones, and the overall perceptions about the program, were positive. However, some participants found the procedures for providing saliva samples difficult, as reflected by the lower compliance rates observed with provision of saliva versus CO samples. The decrease in compliance with the saliva submission may be also related to the fact that unlike the immediate reinforcement provided for negative breath CO levels, participants did not receive immediate reinforcement for negative saliva cotinine levels. Immediacy of reinforcement is an important factor in incentive-based interventions (Stitzer & Petry, 2006) . Although future studies are needed to improve the use of mobile phones to obtain saliva samples, this pilot study demonstrated the acceptability of the use of mobile phones to deliver CM for smoking cessation to adolescents.
Mobile phones can expand the reach of effective smoking cessation interventions to vulnerable populations, such as youth (Kong, Ells, Camenga, & Krishnan-Sarin, 2014) , and could provide a cost-effective method for reinforcing behaviors among adolescents because of the elimination of face-to-face meetings. Mobile phones could also be used to target collection of biochemical samples at times when youth are at risk for smoking while avoiding interference with school and work.
Despite the strengths of this study, there are also several limitations that need to be considered. While we did not encounter problems with access to cellular service, it is possible that certain disadvantaged communities, especially those in remote locations, could have poor cellular services or not have access to mobile phones. Additionally, while participants in this study were daily smokers, they had low nicotine dependence scores. Future studies should also examine the feasibility of this intervention in heavier smokers. However, since adolescent smoking is the lowest it has been in recent years (Singh et al., 2016) , future work should also consider nondaily cigarette smokers. Another limitation is the small sample size of this pilot study. Adequately powered RCTs are needed to assess the potential use of mobile phones to deliver CM for smoking abstinence to youth.
In conclusion, this open-label pilot study suggests that the use of mobile phones to deliver reinforcement for abstaining from cigarette smoking is a promising way to engage adolescents and promote tobacco abstinence. This document is copyrighted by the American Psychological Association or one of its allied publishers.
